PACS. 74.20.-z -Theories and models of superconducting state. PACS. 74.25.Gz -Optical properties. PACS. 74.70.Dd -Ternary, quaternary and multinary compounds (including Chevrel phases, borocarbides etc.) .
Introduction. -The Superconductivity in rare earth borocarbides is of great interest [3, 4] . In particular its interplay with magnetism and superconductivity is very fascinating [5] . However in the following we limit ourselves to superconducting borocarbides LuNi 2 B 2 C and YNi 2 B 2 C. They have relatively high superconducting transition temperature T c = 15.5 K and 16.5 K, respectively. Although the dominance of s-wave component in ∆(k) has been established by substituting Ni by Pt and subsequent opening of the energy gap [6, 7] , the superconductivity exhibits a number of peculiarities common to nodal superconductivities [8, 9] . For example both the √ H dependence of the specific heat and the H linear dependence of the thermal conductivity indicate that the superconductivity has the nodal excitations [10, 11, 12, 13, 14, 15] similar to d-wave superconductors in high T c cuprate superconductors. Further the presence of de Haas van Alphen oscillation in LuNi 2 B 2 C down to H = 0.2H c2 indicates again the nodal superconductors [16] . In conventional s-wave superconductor de Haas van Alphen oscillation would disappear for H < 0.8H c [17] . Further the upper critical field determined for LuNi 2 B 2 C and YNi 2 B 2 C [18] in a magnetic field within the a-b plane exhibits clear fourfold symmetry reminiscent to d-wave superconductors [19] . These experiments indicate clearly ∆(k) in borocarbides has to have an anisotropic s-wave order parameter. Further a) ∆(k) has to have the nodal structure or the quasiparticle density of states, N (E) ∼ |E| for |E| ≪ ∆ where ∆ is the superconducting order parameter (i.e. the maximum of ∆(k)), which gives both the √ H dependence of the specific heat and the H linear thermal conductivity in the vortex state. b) the nodal structure has to have the fourfold symmetry within the a-b plane and to be consistent with the tetragonal symmetry. These two constraints appear to suggest almost uniquely
or s+g-wave superconductor. Here θ and φ are the polar and azimuthal angles describing k.
We show in Fig.1 |∆(k)|, which exhibits clear fourfold symmetry. As to the density of states, it is given by
where Fig.2 . It has asymptotic
Here we assumed the same ratio in s-wave and g-wave amplitude in Eq. (1), for simplicity [20] . Of course a few % mistuning between these two amplitude will be difficult to detect experimentally. In constructing |∆(k)| we have made use of a similar approach in deducing one in recently discovered superconductivity in MgB 2 [21, 22] . In the following, we shall first summarize the low temperature thermodynamics and transport properties of s+g-wave model. Then we shall go on to calculate the electronic Raman spectra of the present model. The result is compared with recent Raman spectra data by Yang et al. [2] . We find a reasonable agreement with experiment.
Thermodynamics. -First of all ∆(k) given in Fig.1 gives the quasiparticle density of states as shown in Fig.2 . [20] . In particular the density of states given Eq. (3) gives
and
where γ N is the Sommerfeld constant and χ, ρ s (T ), and T
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are the spin susceptibility, the superfluid density and the nuclear spin lattice relaxation rate in NMR. Indeed T
behavior has been observed in a borocarbide [23] . Similarly the thermal conductivity for T→ 0 K is given by
where T , ∆ 0 , n and m are temperature, the superconducting order parameter at T = 0 K, electron density and electron mass, respectively. Eq. (7) is obtained following a similar analysis as in Ref. [24] . Also s+g-wave model exhibits the universal behavior as in d-wave superconductors [25] . Indeed in Ref. [1] the T linear electronic thermal conductivity is observed. Further in a magnetic field H parallel to the c-axis the thermal conductivity along the a-axis is given by [20] 
where κ n is the one in the normal state and v a is the Fermi velocity within the a-b plane.
Here we have assumed the superclean limit √ Γ∆ ≪ v a √ eH ≪ ∆ where Γ is the electron scattering rate. Eq.(9) is again very consistent with the result in Ref. [1] .
Electronic Raman Spectra. -We consider the case the polarization vector of photons lie in the a-b plane. Then the Raman spectra are given by [26, 27] 
where γ A1g = √ 2 cos(4φ k ), γ B1g = √ 2 cos(2φ k ) and γ B2g = √ 2 sin(2φ k ) and where x = ω/2∆ and f = ∆(k)/∆ and < . . . > means the k(angle) average for the Fermi surface. θ(x) is the step function, i.e., θ(x) = 1 for x > 0 and θ(x) = 0 for x < 0. We note for the present model the second term in Eq.(10) does not contribute for B 1g and B 2g modes due to the symmetry constraints. The electronic Raman spectra from these 3 modes are obtained numerically and shown in Fig.3 (the left-side panel). In parallel to the theoretical result we show the experimental data for YNi 2 B 2 C taken at T = 6 K. Indeed the peaks in A 1g and B 2g spectra at ω = ∆ 0 are associated with the saddle point of ∆(k) at θ = 0 and π where ∆(k) = ∆ 0 /2. Within weak coupling model we have, on the other hand,
64 meV) and 43.3 K(3.73 meV), respectively. On the other hand the data at T /T c ≃ 1/2 show the peaks at 50.4 K and 64.7 K for YNi 2 B 2 C and LuNi 2 B 2 C, respectively. So it appears that ∆ 0 in both YNi 2 B 2 C and LuNi 2 B 2 C are somewhat larger than the one expected from the weak-coupling limit. In particular ∆ 0 in LuNi 2 B 2 C appears to exhibit some strong-coupling effect. Considering the fact the theoretical result is for T = 0 K, while experimental data at T ≃ 1 2 T c , the overall agreement are quite reasonable. Of course the theory misses the spectral weight for ω > 2∆ for B 1g mode. But it looks that phonons have a part in this. Clearly a further experiment at lower temperature is highly desirable.
Summary. -We have deduced a possible ∆(k) for RNi 2 B 2 C from the √ H dependence of the specific heat, the H linear dependence of the thermal conductivity and the fourfold symmetry seen in H c2 . This is s + g-wave with four nodal points in ∆(k); (θ, φ) = ( ). This model not only describes many characteristics of the nodal superconductors, but also the recent Raman data by Yang et al. [2] .
Also these nodal structures have the specific predictions for the angular dependent thermal conductivity. Further if the present proposal is established, the borocarbides provide the first example of an anisotropic superconductor with nodal structure. * * *
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